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Toxic metals in maternal blood, cord blood an
ieconium of newborn infants in Pakistan

Sina Aziz’, Shakil Ahmed 2 Saadiva Aziz Karim?, Subhana Tayyab ' and Anisa Shirazi*

Mbﬁm‘ﬁﬁ WJ&»%@&‘%@J«J fg‘gw@w?&gW3ﬁaw{gW%@2M ol s
WJMW,J;;wwm«wtﬁuffﬁdadmw¢w“}§gwtffww

..MUV.UMMW«@MI Ledy LAl ww; ?WM‘ ww‘ bwm)/(w;jwl sl j,,,% T "Q:m 5y
(M&Ijﬁwaﬁﬁi wm*hw 1},.«»)%%“31 ww[wwisjﬁwbwl MMI‘L‘}M\«“M%J%W whwwm

Ll géwwwwufh O she ot s Bael ol S BLL sa L Na»ﬁ@«wt}ﬂwﬂ;; o s L el
AR e Mts)mﬁi,\WLerﬁemiﬂg,MAé, m%»w{tweg},www "1Jw”sgww%?QW;@EWZQUH

O *Cw ffw

*Q

e WWWM&Jsmw W wi <wchW1deu§ MWJL%LAM}}MLM@W[% jbw wa
W’(?ﬂ‘}m»ﬁwlpﬁmfw) wu(ing w‘ W)xﬁ s l‘}a.éw‘ ».,w'('fiﬁ ‘W} J«wl ,,.wa..%,e’wgwi wwb},ﬂm
L;Qﬂld Wj (J&M JW& J“)“%Wi Gl “_,)fc.,..elfwm%.ei)’ ,,umu‘ ‘th ‘ w‘awww
wJaL;u s ad;s../:f MM%SJM} il .f“J: f&j ,;éfm.ji %W1 fz,,\,,,, si,,,:JL«a ﬁW‘ MW QWM;-/{ 4,.).,:.:,1,3 %aw W,,, L,m M
«W‘LWM&}MJ“?JUMWwt@‘wQWIwMtw&aﬁ’wimtw LA[M ewwd«ww’}ﬂﬁb&wi

ABSTRACT Toxic metals and deficiency/excess of trace elements can have adverse effects on health. The aim of
this study was o quanily tode metals lead, cadimium and bace slements zing copper, aluminium A and Tron (Fe)
levels in preciiant worien, cord blood and meconium of hew born tnfants from industrial zones of Karachi, Pakistan
Analytical research was performed from 20112012 n low sorio-economic pregnant mothers and newbarn infants
from 20 towns near Sindh Industel Tradine Edtates, Federal B industiial area and Koranel industrial areas, Karachi,
where emdranimental pollution was anticipated, Blood samples of breghant women n = 4161 cord blood In = 209
and meconium (- 309 were analyred quantitatively for metals and trace elements. Results indicared that mothers
residing in steel towns were foud to have the hishedt lovels of lead. Meconium contoined high levels of toxe heavy
metals and trace elements compared to cord blood and maternal blood. Maternal blood toic metals were present th
high quantities, Therefare, safety measures should be taken when industrial waste s disposed of in order to prevent
papuiation cantaminadion.

Taux de métaux toxiques et d elements traces dans le sang maternel, le sang cordonal et le meconium des
aouveau nes ao Paldstan

RESUME Les meétaux toxigques et la carence ou lexces en éléments traces peuvent avoir des effets nocifs sur la sante,
La présente etude avait botr obiectif de auantifier les raux de metaux toxigues Iblomb. cadmivm] et délements
waces (zing, cuvre, aluminium et fer) comenus dans le sane des femmes eneeintes, e sane cordonal, et le meronium
des neuveausnes dans des cones industiielles de Kaachi (Fakistan). Une recherche analytigue o 668 mence en 201
o1 2002 sy des fepnrmes encelntes et des notiveatianes au nivean sododconominue taible dans vingt villes nroches
des zones industiiellos de Sindh de Federmd B ot de Koraiot & Karachl ob une pollition enviconnementale aualt ote
anticipee Les echantilions de sans des femimes enceintes (n - 4161 de sane cordanal [n - 309) et e meconiumn -
3091 oot fadt Lobjet d'ine analvee quantitative a la recherche de metaux et d elements traces. Los resiltats ont bidigue
fue les mores desidant dans des villes sideniivues prdcontalent e i de plomb lec mlus élovds Lo méeaniim
contenalt des concenteations elevess de nietans Iotinds toxiaues et déléments taces bar ranport au sane cordonal
ef ali sanp maternel. Les et toxianes contenus dans e sane mateine] Stalent nrésents en arndes quantites, Par
conseguent det mesires do séoinite deviaient Sire prises lortaie les dechions Indistdels sont éliminée abinde préveniy
la contamination de la population.
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Toxic metals are found in excess in
industrial waste {1). Individuals living
in industrial areas or in the vicinity of
industrial areas are exposed to trace
elements and heavy metals. This results
in an adverse effect on their health and
life in general (2--6). Pregnant women
exposed to these metals and elements
are at greater risk as both the fetus and
mother will be affected (1, 2).

Various stadies have been done to
determine toxic metals and trace ele-
ments in the blood of individuals {3).
Animal studies indicate toxic levels of
pup (4).

However, tew studies have been done to

leadin the gestational ratand

determine the levels of toxic metals in
pregnant women and the new-born (5.
Toxic levels of lead occur in children ei-
ther due to their exposure to high levels
of lead in the maternal blood or from
the environment in which they are born.
Most crucial time in children when they
are prone to toxicity is the first two years
oflife (6). However, some heavy metals,

M

e.g lead, may be toxic to a child during
the growth period, the effects of which
may be seenin adulthood. Highlevels of
lead may be due to air emissions, house
dust, soil, water and consumer products
(7). Similarly other heavyandlight met-
als and trace elements can also be toxic
to humans (8). Pakistan is a low socio-
economic country with the majority
of the population residing in industrial
rated
population of over 23.5 million (9}, and
exposure to toxic metals may be at the

cities such as Karachi, with an estiny

maximum due to industrial waste.
Studies have been done on the
coastal areas of Karachi, which have
shown toxic levels of metals, such aslead
{(Pb), cadmium (Cd), light metal alu-
minium {Al} and trace elements [Zinc
(Zn), Copper (Cu), and Iron (Fe)].

Data on these toxic metals and trace

elements is lacking from the industrial
areas of Karachi, and no published data
is available from Pakistan on the level of
toxic metals and trace elements in the

meconigm of babies born to mothers
Che or ,
residing in industrial areas of Karachi,

tuals residing in these areas are

Indivic
subjected to ahigh guantity of these tox-
ic metals and with a deficiency or excess
of trace elements. These individuals can
have neuropsychological deficits that
include cognitive and functional com-
promise in the affected individual. The
abnormalities may be subtle in nature.
Pregnant women residing in industrial
areas may be subjected to even greater
risk, due to daal involvement of both
mother and fetas.

This is an important study as en-
vironmental pollution is a worldwide
problem, especially so in the developing
world, where proper precautions, rules
and regulations for disposal of industrial
waste may not be followed. Toxic met-
als such as lead have already been found
in the blood of adults residing in the city
of Karachi (3). However, this study is
important as it emphasizes that the toxic
metals may be present in the mother
and the new-born. Thus, residing in
industrial areas of Karachi indicate that
the unborn child may also be exposed
to the toxic metals.

This study aimed to determine the
levels of toxic heavy metals [ (lead (Pb),
cadmium (Cd}] light metal aluminium
(Al} and trace elements [Zine (Zn),
Copper (Cu) and Iron (Fe)] in preg-
nant women residing in these areas and
their new-born, Information on toxic
metals and trace elements in maternal
blood, cord blood and meconiam of
the new-born gives an estimate of the
levels of toxic metals and a deficiency
or excess of trace elements, ifany, in the
samples of the pregnant women and
their new-born. The null Hypothesis
proposed that toxic heavy metals and
trace elements are normal in pregnant
maternal blood, cord blood and meco-
nium of the new-horn from industrial
zones of Karachi, whereas the alternate
hypothesis was that toxic metals and
light metal aluminium, and trace ele-
ments are deficient in pregnant mater-
nal blood, cord blood and meconium

of the new-born from industrial zones
of Karachi.

5 $t8

This analytical cross-sectional study
was conducted from November 2011
to Qctober 2012 in mothers and
their new-born at two obstetric units
of tertiary care government hospitals
in Rarachi, serving pregnant women
from low socio-economic classes and
residing in industrial areas of Karachi.
These industrial areas are the Sindh
Industrial Trading Estate (SIT.E.)
area, F.B. (Federal B) Industrial area
and Korangi industrial area. A detailed
performa with maternal information
along with information of the new-born
was recorded. Those patients residing
near Sindh Industrial Trading Estate

(SITE) area, FB. (Federal B) Indus-

trial area and Korangi industrial area
Karachiwere included.

Sampling technique
Patients were selected from each hospi-
tal by simple random sampling, Patients
coming to civil hospitals residing in
industrial areas in Korangi, Shershal,
and Sind Industrial Trading Estate were
included. This was based on preliminary
nformation collected from the patients
by the investigators. The calculated sam-
ple size (95% CI) and margin of error
(53%+2.5) was 1531 pregnant women,
At Abbasi Shaheed hospital and
Civil hospital, samples trom the mother
and cord blood were taken at the time
of delivery of the baby, Only mothers
residing in the industrial areas were in-
cluded. Three samples were taken from
each study subject (6-8 ml maternal
blood sample, 6-8 ml of umbilical cord
blood and first meconium passed by the
respective mother’s new-born) (Figure
1). The blood samples and meconium
were transported to Industrial Analyti-
cal Centre (IAC) at Hussain Ebrahim
Jamal (H.E].) Research Institute of
Chemistry, Karachi. The blood samples

ED_006899_00001318-00002
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{n=107)
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(n=202)

Cord Blood
(n=202)

Meconium
(n=202)

*Unpuired sample of maternal blood and cord blood or mother or meconium. Sample lost or mother lefi the postiatal ward without giving the meconjum of her new-

born.

Figure 1 Sample collected (N =n1034) from pregnant women, cord blood and meconium of the new-born from Civil Hospital
and Abbasi Shaheed Hospital, Karachi, Pakistan

were centrifuged and serum stored at
~&6°C at TAC. Meconium obtained
from each new-born’s diaper, when
first passed, was scraped into a sterile
container and transferred along with
remaining samples to IAC and stored at
-86°C temperature, Actual quantitative
weight of meconium was also done at
the laboratory. The average baby passes
the meconium in first 24 to 48 hours of
birth (10-12). Hence, the baby had to

be tollowed carefully till the meconium

was passed and collected in an appropri-
ate container.

The tovic heavy metals [ (Lead (Ph),
Cadmium (Cd)}, light metal alumini-
Copper (Cu} and Tron (Fe) |

um {Al) and trace element:
in the
blood of the mother, cord blood and
the meconium of the new-born were
determined. Methodology for the initial
preparation of meconium for analysis
was problematic as it is a thick viscous
material (10,13}, Quantitative analy-
sis of heavy metals was done by flame
atomic absorption spectrophotometer
tor meconium, at IAC, including the
quantitative analysis performed by In-
ductive Coupled Plasma-Optical Emis-
sion Technique (ICP-OES) (14-16).

Ethical approval

Pregnant women were informed of the
nature of study and consent taken from

them either by thumb impression or sig-
nature prior to sample collection. The
writter: form contained information
for the mother in 3 languages (English,
Urda and Sindhi). The mother was
informed that all information given
remained confidential and anonymous.
Also if levels of toxic metals were high
or the levels of trace elements were ab-
normal in the mother or the new-bom,
then the paediatrician and obstetrician
would provide health education and
treatment. If a mother refused to be
involved in the study, she was excluded.
The quantitative and qualitative in-
formation about a sample was obtained
from the light and a radiation emitted
by the exited atoms and ions. The actual
detection oflight was carried out ausing
Charge Coupled Detector (CCD). The
concentration of the elements could be
extracted from the intensities of emis-
sion lines of the elements. This was ac-
complished by using plots of emission
intensity vs, concentrations. Calibration
curves were established by analysing
sohutions with known concentrations
and obtaining their emission intensities
for each element. A Perkin Elmer Op-
tima 2000 DV equipped with WinLab
32 software and equipped with a Ryton
Scott-type spray chamber was used.
Samples for the analysis were
in aqueous form and were fltered.

Conductivity of the samples was within
range ie. 10000 ps. The elements in the
blood and meconium samples were
analysed by ICP-OES. Conditions of
the ICP-OES 2000 DV for the analysis
included a radio frequency (RF) power
at 1300'W, nebulizer flowat 0.8 L/min,
auziliary flow at 02 L/min, plasma flow
of 20 L/min, pump flow of 0.8mL/
min, plasma viewing was dual view,
torch position at 2.5 and sensitivity
of 0.00tppm. The values obtained of
the metals analysed in the study sam-
ples were based on the reference values
in published articles (8,15,17,18), as
shown in the Table 1.

were 0.1-16.3, 0.1-12, and 0.2-654,
for maternal blood, cord blood and

7

meconium respectively. For cadmium

(Cd) minimal and maximal detectable
Emits were in the range 0.1-8.5,0.1-3.2
and 0.3-122 .2 for maternal blood, cord
blood and meconium respectively.
While in case of alaminium (Al) mini-
mal and maximal detectable Hmits were
(0.1-358.8, 0.1-3852 and 0.1 -465.3
respectively,

In trace element Zine (Zn) mini-
mal and maximal detectable limits were
0.1-529, 025-251.25 and 0.36-538 4
for maternal blood, cord blood and

7
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Tabde  Normal range of metals (Cd, Pb, Zn, Cu) in maternal and cord blood

(20212223

d Gounay G005

2 S8 Gy
Trace elements

o s ulay .05

vy G883 00700 4735

the L2722 0540

e in normal female blood 0.3-1.6 ppm.

meconium respectively. In case of cop-

per (Cu) minimal and maximal detect-

able limits were 0.12-18.6, 0.1-18 and

(.4-1937 for maternal blood, cord

blood and meconium respectively. For
3

Iron {Fe) minimal and maximal detect-

able limits were 0.1-529, 0.3-2513

and 04-5384 for maternal blood, cord

blood and meconium respectively,

Statistical analysis
We applied Pearson's correlation test in
our analysis to see the relationship be-

tween the three parameters, i.e. mater-

nal blood, cord blood and meconium.

However, there was no significant
relationship, so this analysis was not in-
cluded. SPSS 17.0 for Windows (SPSS,
Inc, Chicago, IL, USA} and Microsoft”
Office Excel® 2007 (12.04518.1014)
tor Windows 7 Professional was used
to perform statistical analysis. Values
were expressed as {mean # standard

deviation ) and {max-—min). To see the

relationship among the variables, Karl
Pearson’s correlation technique was
used. The significance of the difterence
among mean values was calculated us-
ing one-way ANOVA. Multiple com-
parison technique used was Scheffee
and included focation (residence of
the mothers) for each element — lead
(Ph), cadmium (Cd), aluminium
; . 7\ e N\

(Al), zinc (Zn), copper (Cu), and
iron (Fe) — between the three groups
{ o ~ iki 3 r{ maternal
{meconuam, cord piood and matema

Tablse 2 Descriptive statistics ¢
different Karachi areas

Ealdia Town

Ciadan Town
Gulbare Town
Gilshan e dabal Jown
Hyderbad
Jamshed Town
Ehairoir Town
Kotandd Towy
Landhi town
Lisgguatabad Town
Lyari Town

Adalic Lo

Kew Katachl Town
mogh Nadmabad
Fol Maniivned
Omngl ioun
Saddar Town

Shah Falsal Town

Site Town

3B G
Aoy L4100
daaang 810265
94 150 o
2680 - a6y 48n s an
1424 sl
0.0 0.0
12 e e
Wl We 80
123264 SOy
172048 24708
G660 33565886
T80 152 1aa
Wi 2330
1aag Tdand
2320574 2435
290 gia
B 2l Gr
247 aa 238012

higher than the normal are indicated by: maternal blood ppm, Zn = 0.883 1 0.070 and cord blood ppm, Zn=4.738 (20,2

be highly unlikely under the null hypothesis. No detectable zinc was present in samples from Khairpur.

resent in maternal blood (1 = 416), cord blood (n = 309) and meconium {7 =3 09) of

807 1482 a7
FoA gaaan
o Q025
28305 {0401
4318y 055483
2180354 0380
i =
353408 03564
182 0181 04318
e o s
8.8 204 07356
75701508 92105
1603 a4 g2

3500955 02323
495 405 a077s
305 GTa Qs
a08 -0 A0.0001
Sha 1828 92501

9578 03592

shows that in Gulbarg town, Liaquatabad town, Saddar and Steel Town are significantly different by location. P-value indicates that the observed result would

ED_006899_00001318-00004
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Fable § Descriptive statistics o
different Karachi areas

‘present in maternal blood (a2 = 416), cord blood {# = 309) and meconium (7 = 309) for

Baldia Town Glins Q4408 49084 adny
Gadlap Town gleng Q406 e s 00848
Culbare Town 12024 1h027 94 2109 A0
Guishun e dabal fown 02 .02 010 650 02484
Hydatabad w2y ooy rai0n 45161
Tanshied Toun a0 Ol=n2 R Q440
Khairpur fown 410 4.0 040

Roranel fown Jhaag 246 Tiiis U1696
Landhi Town D507 ail-02 2360 Usbin
Lingudtabad Town 1207 1528 65 79 20 D0
Lyan fown ariaa .y Wao sy a.0000.
saalis town dfang Uaz0n Sa=105 G013,
New Karachi Bown 24434 G604 34000 a.62d
Noph sazimahag L2las G720 T2ing 00000
Not Mentioned Gy 20007 ata g8
Oitanzt Tavens 12030 G724 e G.0055:
Sacdar fown ey 3.0 an “Gooan
Shah Faisal Town Glian s 4169 G000
Site Town G40 0.0 9% 16 G002,

Pb levels higher than the normal: maternal Blood ppm, Pb = 0.0088 and cord blood ppm, Ph = 0.0087 (20,2) whi

APyl
are sign.

g

Y .

blood). Pvalue < 0.0S was considered
statistically significant. Descriptive sta-
tistics were calculated for birth outcome
characteristics and for toxic metals and
trace elements.

A total of 1034 samples were collected
{meconium, maternal blood and cord
blood). Of these, 606 were paired sam-
ples {meconium # = 202, cord blood
n = 202, and maternal blood n = 202).
The remaining 428 were unpaired
{maternal blood n = 214, meconium
n = 107 and cord blood n = 107). The
unpaired samples were either due to the
mother leaving the hospital before the
baby passed meconium or the sample
of meconium was misplaced by the
mother or thrown away; this was an
expected mishap, despite counselling
the mother repeatedly { Figure 1 ). In the

- shows that in Gulbarg town, Khairpur town, Laguatabad town, Lyari Maliy, North Nozimoebad, Orangi tow

paired samples (1 = 606) response rate
was 100% of participants, with mother
(1 = 202), cord blood (i = 202) and
meconium (1 = 202). In the unpaired
group (n = 428) response rate was
66.7%, with mother {n = 214}, cord
blood (1 = 107) and meconitum (1 =
107). Overall response rate was 33%.
The results of 1034 samples of cord
blood, maternal blood and meconium
are shown in Tables 2-7. The meco-
nium contained higher quantities of Pb,
Cd, Al Cy, Feand Zn comparedto cord
blood and maternal blood, while Pbwas
present in cord blood in small amounts,
All the samples of meconium tested
positive for toxic metals, Quantitative
results (mean + SD) and frequency (%)
of towns with results of the metals in
maternal blood, cord blood and meco-
nium with respect to area of residence
are shownin Tables 28, Of all residen-
tial areas, the steel mill area showed the

ficantly different by location. P-vaiue indicates that the observed result would be highly unlikely under the null hypothesis.

highest levels of toxic metals, especially
lead. The reference valaes have been
mentioned in the legend for maternal
blood, cord blood and meconium for
each toxic metal and trace element
mentioned in the tables.

Lead (Table 3 and Table 8): It was
clearly shown that a large amount of
lead was seen in the meconium in the
new-born from all areas except Steel
Town. Cverall, in all areas where cord
blood was studied, the amount of lead
was very little or absent. In maternal
blood the maximum amount of lead
was seen in those mothers residing in
Steel Town, Sadder Town and New
Karachi Town. Overall, the marmber of
towns with levels greater than 0.0088
{maternal bloed) (14}, 0.00032 {cord
blood) (14) and meconium 12 + 149
(18)was 11/20,ie 55% in each sample

tested,

ED_006899_00001318-00005
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Talde 4 Descriptive statistics of ivon present in maternal blood (7 = 416), cord blood (s = 309) and meconium (7 =309) for
different Karachi areas

Raldis Town rleay Hr gz
Gadlap Town 200104 Baria wmg 150 09698
Culbare Town Wz 154 w2 26 28 819 G50
Guishun e dabal fown 455 17418 2880005 g2
Hydeiabiad 2000 868 495 & 411 dadaaay Unngd
Tanshied Toun fdeoa iney e 0.a8s
Khairpur fown g0 040 0.0

Korandl fown g 02 tan 52408 Q2864
Landhi Town a1 s eaa maaeaad aasn
Lingudtabad Town 22069 g0 12e 386 E0 azs.
Lyan fown 170 119 Wb g e Lo S
saalis town Gl aGenas B 1508 g.2105
Mo Karachi Town iaaiag Batag 1602 84 a4
Noph sazimahag a1 255 251455 g8
Not Mentioned 17aay Targd 4a.5can 0 Q0776
Oitanzt Tavens 232804 24535 35 aT4 Q.8is
Sarldar Town 39 .0 0Lg auB Lo 00001
Shah Faisal Town me g 9.2 1 S8.7 L1500 U.2au)
Site Town 4704 2an02 9578 91500
steel lown a4 020 1wy B0 A

Levels higher than the normal were itidicated by: maternal blood ppr, Fe=1.272+ 0.0340 (21}, while in mecosium >100,
sP-yalue shows that in Gulbarg town, Khairpur fown, Liaquatabad town, Saddar and Steel Town are significantly diff

1/ dry wt was toxic (134
ent by location wise. P-value indicates that the

LS

observed result would be highly unlikely under the noll hypothesis. In Khairpur, Sadder and Steel Town Fe was not detected,

Cadminm (Table 6 and Table 8}:
Tt was seen that Site Town and Baldia
Townwere highly affected, Le. cadmium
was present in the cord blood, followed
by Jamshed Town and New Karachi,
which were somewhat less affected.
Meconium contained high quantities of
cadmium in Landhi, Malir, Shah Faisal,
Lyari, Gadap and Liaguatabad Town. In
Hyderabad, maternal blood contained
cadmium, while surprisingly it was ab-
sent in the cord blood and meconium
ofthe new-born. Overall, the percentage
of towns with level greater than 0.0089
{maternal blood) {(14), 0.00032 (cord
blood) (14) and meconium 3.0 + 744
(4} was 20%, 5% and 20% respectively,
in each sam pl tested.

Zinc (Table 2 and Table 8):
Zinc was present in Earg'e amount in
the meconium in all areas except Hy-
derabad. In Steel Town area, zinc was

absent in maternal blood and cord
Lyari, Ma-
Orangl and Site

blood. In Korang, Landhi,
fir, North Nazimabad, ©
Town areas, zinc was present in the
same amount both in cord blood and
maternal blood. Overall, the percentage
of towns with level greater than 0.883
+ 0.070 (maternal blood) (15), 4738
(cord blood) (14) and meconium
>100pg/g (8) was 90%, 75% and 55%
respectively, in each sample tested.
Iron (Table4and Table 8): Signifi-
cant amount of ironn was present in the
meconium of the new-born from all the
areas included in the study. However,
the maximuom amount of iron was seen
in the meconium of the Steel Town
area. Inmaternal blood and cord blood,
the amount of iron was very little, except
in Hyderabad area where the maternal
blood

of iron. Overall, percentage of towns

contained ugm“uemt amount

+ (L340

and meconiam

with levels greater than 1.272
{maternal blood) (15),
>100ug/g (8) were 90% and 20% re-
spectively.

Copper (Table 5 and Table 8):
Copper was present in the meconium
in all areas except Site Town, Khair-
pur Town and Gulshan-e-Ighal Areas,
where copper was not detected in the
meconium, Overall, in cord blood the
amount of copper present was negli-
gible. Copper was detected in all the
samples of maternal blood with the
maximum being from those residing in
Gulshan-e-Igbal area. Overall, percent-
age of towns with copper levels greater
than 1.003 2 0.159 (mother’s blood)
(15),0.0951 {cord blood) {14} was
80% and 70% respectively, and in meco-
nium (8) copper values > 100pg /g were

not detected.

G83
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present in maternal blood (n = 416), cord blood {n = 309 and meconium (n = 309) for

gakilia lown 105G Bline {less
Uadap Town BEGs 2ladd {7026
Guibarg Town paeag L5288 O.0006s
Lilshanteaghal Town b 90 DG
Hydersbad Bing 287 L35 D602
Jamshied Town arsng 1he2y 4541
Ehdinnin Town 00 0.0
Karansi Town Gutig Jh 3 a0 Q1825
Landhl Town 17ty 44 a0 G074
i.iaqua’iabat'i Town D Br s 0067
Lyvarl tawn Gihob 39570 130566
Maliriown 27y g sy D.3758
New Earachi Town 4507 hgaan 3540
Marth mazimabad 230G 8304 Q04884
Mot pentioned Ghi0y b0 g.9n
Oranzi town Jolan 16404 Gy
Saddar Town 1640 550 “bD.000l
Sites fown JE03 00 1298
steel lown anu 190 <0001

7

)

rPvalue sho

higher than the normal are indicated by: maternal blood ppm, Cu=1.003 2 0159 and cord blood ppm, Ce = 0.0951 (20,21} while J

684

s that in Guibarg town, Gulshan-e-fgbal Town, Khairpertown, Liaquatabad town, North Nazirmabad, Saddar and Steel Town are significantly different
by location. P-value indicates that the ohserved result would be highly unlikely under the null hvpothesis.

Table & Descriptive statistics of cadmium present in maternal blood {# = 416), cord blood (n = 309) and meconium {(n = 309)
for different Karachi areas

Baldia Town G0 06113 DD Qanay
Gadan Town 0.0 ool Orauy 01435
Caithore Town G @iag s gaen7 O asi7e
Calshan-esdabal Town 0.0 g0 ey -
Hyderabiad 9.0 00 0o
Jameshed Toun 0.0 G G0 o
Khairpis Tuwn 00 g0 B0 -
Korangl Inwn 12032 B0 34080 4.2058
Landhi Town G0 o0 Luas Qase0
Liaguutabad Town gl G100 13249 Uity
Lyadl Town 020 G20 43099 G0
Aalic town 0.0 001 61l $.08380
Mew Rarachi Tawn bl 1202 {0 B
onh Naamabad glios 0.0 nirod 02034
Hot kaentioned D305 DEiny Gl 3451
Candl Tovwn 0.0 Qo0 Uit Qa7dr
Saddar Town a1in gi-0 170 “houal
Shah Tasal Town gl 001 Blisie 0.0y
Site Town 0.0 g0 GLo 648
Steel Town 00 0 00 -
Level higher than the normal Cd levels: maternal blood ppm, Cd = 6.00089 and cord blood ppm, Cd = 0.00032 (20.21) while in meconium >3 744 u/y dry wt was

toxic (24).
AP-valie shows that in Gulharg town, Khairpur town, Saddar and Steel Town are significamtly different by location. P-valee indicates that the chserved reselt would he
highly unlikely underthe null hypothesis.
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Talde ¥ Descriptive statistics of aluminium present in maternal blood {n = 416), cord blood {n = 309) and meconium (n = 309}

for different Karachi areas

Baldia Town

Gadlap Town
Culbare Town
Gulshan-edagbal Tawn
Hyderabad
Tanshied Toun
Khairpur fown
Roranel fown
Landhi Town
Lingudtabad Town
Evan tbwn
Kaalintown

Mo Karachi Town
North Sazimahad
Nost racntioned
Oitanzt Tavens
Sacdar fown

Shah faisal town
Site town

Steel fown

~P-value shown for Gulbarg town, HyderebadKhairpur town, Korangi, Landhi, Lieguatabad Malis,
Foisal town and Steel Town are significantly different by location. P-value indicates that the observe

Aluminium (Table 7 and Table
3): Aluminium was present in meco-
nium in all areas studied. However, the
concentration of aluminiom was low
in maternal blood in Jamshed Town,
Khairpur town, Saddar Town, Site
Town and Steel Town Areas. Refer-
ence values for aluminium could not
be found in the biological samples ana-
lysed.

) 3

The objective of our project was to
determine toxic metal levels and trace
elements in maternal blood, cord blood
and meconium of the new-bom. The
levels identified will inform medical
workers, industrialists and environmen-
talists about the toxic effects and levels
of these metals and trace elements in
pregnant women and their new-born.

s 188105
Ry by
neas WB 26
1200 1006 2 T30
382400 L0
a7 a0
D0 D0
S1.7 G154
e 1aiaA
LA 55588
il B0
g0 22063
maa 8 2040308
ATy a0 BLs
Doae g o a12104
6d g iy e
6200 4640
1295194 gt
823 a4
Q210 0.0

This project can have an influence
on the social sector and indirectly on the
economy. The human fetus, child and
adult may experience adverse health
outcomes trom parental or childhood
EXPOSUTes to environmental toxicants.
The fetus and infant are especially
vulnerable to toxicants that disrupt
developmental processes during the
limited period of pregnancy. The ad-
verse health effects linked to exposure
of toxic metals - e.g lead and cadmium
and trace elements such as zing, copper
and iron — include fetal death, birth de-
fects, Small for Gestational age (SGA),
pre-term birth, clinically overt cognitive,
neurologic and behavioural abnormali-
ties, subtle neurophysiologic defects,
childhood cancer, asthma, and other
respiratory diseases. Environmental tox-
icants, especially lead, produce adverse
effects at low exposure levels during

3

fetal or developmental time periods (7).

9564 84 Q0770
1447 684 aanr
4 o L0000
1906 247 G364
Aot 08 J.0k5.
Slaziing a3a1g

B0

B0 66 Q0013
L o036,
089947 L0000
dE5 840 {0725

Ha-052 g.0012:
Heee i Q0000
o a2y 0001
S48 o076,
Wioa 4 L0000

O SO0
b 12a2 00001
2183 2 a7h #0515

Hasu 0001

New Karachi, North Nazimabad, Others, Orangi, Saddar, Shah
od result would be highly unlikely underthe null hypothesis.

Limited numbers of studies have been
conducted on specific exposure during
pregRancy.

Although sample analysis of met-
als such as lead has been undertaken
previously (3-5,8,19), this is the first
study done on pregnant mothers and
their new-born via cord blood and
meconium, Animal studies have already
been undertaken (5) where the effects
of lead intoxication during pregnancy
and lactation was studied in the hepatic
system of rats, which indicated adverse
neonatal liver function. Based on this
study and previous studies (3-5,8,19),
we expected high levels of lead in the
samples of maternal blood, cord blood
and meconium from industrial areas of
Karachi. In this study the presence of
lead in the fetus occurred due to the free
passage of lead from the mother to the
fetus, which is of clinical relevance since

ED_006899_00001318-00008
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Tabde 8§ Percent distribution of the studied industrial areas in Karachi: those exceeding the reference levels of toxic metals

and trace elements in maternal blood, cord blood and mec

Zioe iy
Dappe; (00)
lronite)

Holc muials
Lead trhy)
Cadmiinntod

Albminium tAD

onium

S0 75
81 74
iy Notdetooied
35 b
20 25

Comparative publishad data notl available

Frequency (%) of industrial towns haying trace elements and toxic metals in the maternal blood, cord blood and meconium of the new-born are shown. In meconium,

levels >100ug/g are toxic.

MO0 % of the meconium samples did not contain Cu levels in toxic amounts. Al levels have not been documented previously in a research studies. Forthe remaining,

reference values are used (8,15).

Jead is always toxic irrespective of its
concentration (20)

Few studies have been conducted
on cadmium levels. When we com-
pared our results with previous studies
(8,14), we found the levels to be higher
in pregnant women and the cord blood
of the study group. Presence of these
toxic metals in the meconium may in-
dicate the excretion of the metals by the
baby in utero. Hence, the meconium
passed by the baby after birth containsa
high quantity of the metals.

A/A},M QY

positive

meconium samples tested
for toxic metals and trac‘e
elements. Meconium reflects fetal
exposure to toxic metals and m]mral
content, from mother to the fetus via
blood circulation and excessive levels
of toxins and certain toxic metals which
harm the fetus, The levels of toxic metals

and trace elements in cord blood may
not reflect the extent of fetal exposure

to toxic metals or the actual degree of

cess or deficiency of trace elements.
The reason is that the substances pro-
cessed by the tetus accumulate in the
fetal intestine, thus meconium analysis
can be used to assess levels of fetal expo-
sure to toxic metals and mineral content
and indirectly of the mother and the

environment in which she and her fam-
Jl‘« resides. This may ugplam the higher
quantities of lead, cadmium, copper,
iron and zinc in the meconium of the

new-born than in the cord blood and
maternal blood (8,14,15).

[y this study the percentage of zinc
and iron in meconium /mf)g*/ g u1y
weight was seen in $5% and 20% of the
industrial towns of Karachi; the study
conducted hy Tiirker et al. {8) showed
90% and 5

to the popubticm studied which was

3% respectively, possibly due

in very close proximity (within a 20
km ]&dlUb) of the petroleum refinery
and dye industries. While 100% of the
meconium samples tested for copper
<100pg/g, in the Tirker study 100% of
the samples tested >100pg/

¢. This vari-
ation could be due to interference with
the rates of placental transport of trace
element. This observation needs furthe
research as some of the minerals, e.g.
zing, are transported across the placenta
against a concentration gradients (21},
This study, on the other hand, has
shown higher levels when compared
tudies done by Cibele et
al. (14) on toxic and essential elements

to previous s

in maternal and cord blood. Certain
eg 5.LTE and Steel
town area, showed much higher levels.

industrial areas,

fron levels were low compared to in-
ternational data, due to micronutrient
deficiency in the mothers and hence in
the new-born and even the meconium.
Overall, this indicates iron deficiency in
women in the area, which is supported
by other studies from the region (22).

Comments on aluminium could
not be made since this is the first time
maternal, cord and meconium samples
have been collected for analysis. How-
ever, this analysis may give an insight as
a standard for further studies, especially
from low socio-economic areas. This
study included only pregnant women
residing in industrial areas. Therefore,
further work should be done with &
larger sample size to include individuals
not residing in the industrial areas in
order to avoid bias.

Alimitation of this study is that en-
vironmental assessment of the studied
elements and its correlation with blood
levelswasnot done. Thisaspect needs to
be covered in future stadies.

Broad longitudinal studies begin-
ning before or during early pregnancy
are urgently needed to accurately meas-
ure and assess the relative importance
of parental and childhood exposure in
order to evaluate adverse effects such as
neurophysiologic and other functional
defects. There is also an urgent need
to accelerate development and use of
biomarkers of exposures and genetic
susceptibility in epidemiological stud-
ies,

It is recommended that a larger
sample size study be done involving
the complete family residing in the
industrial areas; knowledge of exact dis-
tance from the industrial site; analysis

ED_006899_00001318-00009
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of placental samples; and father and/
or mother working in the concerned
industryasan inclusion criterion. Also, it
needs to be determined whether or not
industries are using the recommenc

3

fed  towns.

safety environmental p‘recautiﬁn S,

10.

R ERE '

which should also be critically assessed,
as well as government measures taken
for the safety of individuals and their
families residing at or near the industrial
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